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1 Introduction
A number of documents were presented in the last two meetings (RAN2#69bis and 70) in order to discuss the need for new measurement and/or search capabilities to support for inter-frequency measurements within the scope of 4-carrier HSDPA.  It was decided at RAN2#70 further analysis was required in order to reach a conclusion.

The present document discusses the need for additional measurement capability signaling, while proposing a simple way to report such capabilities to the network.  Note that it is assumed throughout this document that the supported band/carrier combinations for a particular UE are already known by network and as a result, the document focuses only on measurements capability signaling.

2 Discussion
In Rel-8 and Rel-9 for DC-HSDPA and DB-DC-HSDPA, measurements of an adjacent frequency or inter-band frequency without compressed mode (CM) were added as an optional capability. In Rel-9, for DC-HSUPA, the adjacent frequency measurement without CM is mandatory due to the fact that the UE needs to maintain an active set and take intra-frequency measurements on the secondary carriers while configured. 

While we think that the ability to measure on other carriers without compressed mode gaps is a capability which can be beneficial for the UE in order to minimize service interruption, complexity and improve mobility, we do not think that this should be a mandatory requirement on all UEs.   However, in order to provide some UEs with the flexibility to perform measurements on other frequencies without compressed mode gaps, we propose to make this measurement capability optional.  
Proposal 1: The ability to perform measurements on any additional frequency without compressed mode gaps should be an optional measurement capability for 4C-HSDPA.   
For Rel-10 4C-HSDPA, UEs will be designed such that they are capable of supporting certain band combinations and frequency bandwidth within each band, as defined in [1]. In order to receive proper configuration from the network for 4-carrier HSDPA reception, the UE must signal this capability (supported band/carrier combinations) to the network as suggested in [2].
However, simultaneous reception on up to 4 HSDPA carriers is a capability that is independent from UE measurements capabilities. The UE measurements capabilities are implementation specific and depend on the number of included “measurement modules” (e.g. searchers and receivers).   
If this capability is made optional and the UE is designed with enhanced or additional measurement modules, then it needs to signal this capability to the network using a simple and effective mechanism, so that the UE can receive an appropriate measurement configuration optimized for its measurement capabilities (with or without compressed mode). 
The number of carriers that the UE can measure while maintaining the measurement time requirements specified by RAN4 depend on the measurement module design and the number of measurement modules available in the UE. However, such measurement modules are typically independent of band and/or frequency (i.e. can be used on any band/frequency combination within the signaled supported band/frequency combinations).  This means that if an additional measurement module is available in the UE, it can be used for measurement on any frequency that the receiver can be tuned to, while still receiving data on the configured carriers. 
Furthermore, we do not see the need to have a flag that individually signals whether the UE can measure on the primary or secondary band as suggested in [3]. Once an additional measurement module is available, it may be used to measure a carrier in any band or frequency within the receiver design capability without compress mode.
Based on UE band/frequency support that is signaled to the network, the number of carriers that the UE can measure without compressed mode gaps and the existing configuration of UE, the network can infer and determine which frequencies can be measured without compressed mode gaps.   The other measured frequencies in addition to the primary frequency may be any of the following:

1. One of the secondary carriers, if configured.
2. An adjacent frequency to the configured carrier(s) on any of the configured bands given that the UE has the additional bandwidth to receive on that frequency (e.g. can tune on that frequency without interrupting the reception on the configured carriers).

3. If the UE is configured to receive on the primary band only, a frequency in a band other than the primary band, which is part of the supported band combination list (e.g. the other band and the primary band form a combination within the signaled supported band combination list)

Two examples below are shown to explain how the network can infer which frequencies the UE can measure without compressed mode gaps.  
In both examples the UE is assumed to signal the following capabilities and support:

· Support for 4-carrier HSDPA with Band A (3 carries) and B (1 carrier) combination

· Support for 4-carrier HSDPA with Band A (3 carriers) and C (1 carriers) combination 

· Ability to measure 1 additional frequency without compressed mode gaps 
In the first example, shown in Figure 1, the UE is configured only with one frequency (f1) in Band A.  Given the capabilities signaled above, the network may configure the UE to measure any of the following frequencies without CM gaps:

· F1-1 or F1+1 in Band A; or 
· F2 or F2+1 or F2-1 in Band B; or 
· F3 or F3+1 or F3-1 in Band C 
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Figure 1: UE configured with F1 in Band A 

In the second example, shown in Figure 2, the UE is configured with one frequency in Band A and another frequency in Band B.  This implies that the network can only configure the UE to measure frequency F1+1 or F1-1 in Band A, or F2 only in Band B.   The UE can only be configured to measure F2 in Band B without CM gaps because it only supports the 3-1 frequency combination in Bands A-B.  Moreover, no frequencies can be measured in Band C without CM since the UE is already configured for operation in two bands.    
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Figure 2: UE configured with F1 and F2 in Band A and B respectively
In summary, the network should be capable of determine which frequencies can be measured without CM gaps within the specified measurement performance requirement given the knowledge of: 

· The band/carrier supported combinations that are signaled as part of 4-carrier HSDPA capability information
· The additional number of the carriers that the UE can measure without CM gaps
The additional number of carriers the UE can measure without CM gaps means the number of carriers on top of the Rel-9 minimum requirements and within the signaled frequency/band combinations.

Another option is that the UE signal the total number of carriers it can measure, including the carriers in the primary frequency and secondary frequency if configured with dual cell UL operation. 
Proposal 2:  Along with the optional measurement capability for 4C-HSDPA, the UE should signal the number of additional carriers that it can measure without CM gaps within the specified measurement performance requirements.
3 Conclusion
In this contribution the following proposals were made in regards to UE inter frequency measurements capability and signaling:
Proposal 1: The ability to perform measurements on any additional frequency without compressed mode gaps should be an optional measurement capability for 4C-HSDPA.
Proposal 2: Along with the optional measurement capability for 4C-HSDPA, the UE should signal the number of additional carriers that it can measure without CM gaps within the specified measurement performance requirements.
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